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AESTRACT 
BASE-FLOW RECESS l ON IN l LL l NO l S 
Base - f l ow  r e c e s s i o n  c u r v e s  o f  n i n e t e e n  I l l i n o i s  s t reams were ana lyzed  
t o  d e t e r m i n e  t h e  most s i g n i f i c a n t  f a c t o r s  wh ich  a f f e c t e d  t h e  b a s e - f l o w  
r e c e s s i o n  r a t e .  The e i g h t  most s i g n i f i c a n t  f a c t o r s  were ( i n  o r d e r ) :  
number o f  days s i n c e  t h e  l a s t  ma jo r  s to rm,  average minimum d a i l y  
t empera tu re ,  average d a i l y  t empera tu re ,  average maiximum d a i l y  t empera tu re ,  
d i s c h a r g e  a t  b e g i n n i n g  o f  r e c e s s i o n ,  average d a i l y  e v a p o r a t i o n  f o r  one 
t o  f i v e  days p r e c e e d i n g  t h e  b e g i n n i n g  o f  t h e  r e c e s s i o n ,  ave rage  d a i l y  
e v a p o r a t i o n  f o r  t h e  d u r a t i o n  o f  t h e  r e c e s s i o n  and t o t a l  r u n o f f .  A  
r e g r e s s i o n  e q u a t i o n  f o r  t h e s e  v a r i a b l e s  was d e r i v e d .  
The r e l a t i o n s h i p  between b a s e - f l o w  and t h e  w a t e r  d e p t h  i n  v a r i o u s  
w e l l s  was s t u d i e d .  S i g n i f i c a n t  c o r r e l a t i o n s  were o b t a i n e d  f o r  d r y  
wea the r  f l o w  f o r  some w e l l s  b u t  t h e  r e l a t i o n s h i p s  were found  t o  be 
i n v a l i d  d u r i n g  p e r i o d s  o f  s t o r m  r u n o f f .  
T r i t i u m  ana lyses  o f  e i g h t  w a t e r  samples f r o m  two d i f f e r e n t  watersheds 
were made. The r e s u l t s  i n d i c a t e d  t h a t  a  normal  g r a v i t y  f l o w  sys tem 
e x i s t s  w i t h  s h a l l o w  groundwater  moving toward  t h e  s t reams r a t h e r  
t h a n  l e a k i n g  t o  u n d e r l y i n g  a q u i f e r s .  
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I .  INTRODUCTION 
T h i s  p r o j e c t  was under taken  t o  a t t e m p t  t o  l e a r n  t h e  f a c t o r s  
t h a t  i n f l u e n c e  t h e  base - f l ow  o f  st reams i n  I l l i n o i s .  Streams were 
s e l e c t e d  f o r  s t u d y  on t h e  b a s i s  o f  d u r a t i o n  o f  f l o w  r e c o r d ,  s i z e  o f  b a s i n ,  
and d i s t r i b u t i o n ,  and n i n e t e e n  were f i n a l l y  chosen. 
I t  was o r i g i n a l l y  p lanned t o  examine t h e  r e l a t i o n s h i p s  between 
base-f low recess i o n  and t h e  g e o l o g i c a l  and phys i o g r a p h i  c a l  c h a r a c t e r i s t i c s  
o f  t h e  b a s i n s ,  b u t  i t  became apparen t  t h a t  t h e  d r a i n a g e  o f  t h e  b a s i n s  i s  
now so s t r o n g l y  i n f l u e n c e d  b y  t i l e  and d i t c h  systems t h a t  t h e  e f f e c t s  o f  
geo logy  a r e  masked. 
I t  i s  f u r t h e r  d i s c o v e r e d  t h a t  t h e  r e c e s s i o n  s l o p e  o f  t h e  
streams was n o t  c o n s t a n t ,  and t h e r e f o r e  t h i s  f a c t o r  i s  n o t  a  un ique  
c h a r a c t e r i s t i c  o f  a  s t ream so t h a t  an i n d i v i d u a l  s l o p e  r e c e s s i o n  has 
l i t t l e  v a l u e  i n  a p p r a i s i n g  t h e  h y d r o l o g i c  c h a r a c t e r i s t i c s  o f  a  stream. 
Ra the r ,  t h e  r e c e s s i o n  r a t e  v a r i e s  f r o m  one r e c e s s i o n  t o  a n o t h e r  and t h e  
s t u d y  o f  t h i s  v a r i a t i o n  f o r  i n d i v i d u a l  s t reams became t h e  main o b j e c t  
o f  t h e  p r o j e c t .  
P r o j e c t  funds were used t o  s u p p o r t  two g r a d u a t e  s t u d e n t s  i n  
hydrogeo logy.  D a r r e l  Dunn was suppor ted  as a  Research A s s i s t a n t  d u r i n g  t h e  
academic y e a r  1965-66 and worked on t h e  a n a l y s i s  o f  r e c e s s i o n  hydrographs 
o f  a l l  t h e  b a s i n s .  Dav id  A l lman was suppor ted  as a  Research A s s i s t a n t  
f o r  two y e a r s  b e g i n n i n g  J u l y  o f  1365. H i s  M.S.  t h e s i s  fo rms t h e  b a s i s  
f o r  t h i s  r e p o r t .  R. N. Fa rvo lden  was suppor ted  f o r  one month d u r i n g  t h e  
summer o f  1966. An i n v i t e d  paper was p repared  under t h e  ausp ices  o f  t h e  
p r o j e c t  and d e l i v e r e d  a t  t h e  IUGG General  Assembly o f  Bern,  
Oc tobe r  - November, 1967. The paper ,  e n t i t l e d  "Methods o f  S tudy  
o f  t h e  Groundwater  Budget i n  N o r t h  America", has been p u b l i s h e d  
i n  t h e  Proceed ings  o f  t h e  General  Assembly. 
Panther  Creek near  5-5670 
El  Paso 
Crane Creek near  Easton 5-5825 
N o r t h  F o r k  Mauvaise T e r r e  
near  Jacksonv i  1 1 e  5-5860 
2. METHOD OF STUDY 
The hydrographs f o r  se lec ted  streams were dup l i ca ted  f rom the  
records o f  t he  U .S .  Geolog ica l  Survey i n  Champaign and 19 o f  these were 
chosen f o r  recess ion ana l ys i s .  Base-f low recess ion was cons idered t o  
begin  f i v e  days a f t e r  a  p r e c i p i t a t i o n  event  and t o  end one day be fo re  t h e  
nex t  p r e c i p i t a t i o n  event .  I n  many cases i t  seemed obv ious t h a t  s t r i c t  
adherence t o  these c r i t e r i a  r e s u l t e d  i n  i n c l u s i o n  o f  some f l o w  sequences 
as recess ions,  when i t  seemed obv ious f rom appearance o f  t he  hydrograph 
t h a t  they were no t .  Th is  problem was met most o f t e n  i n  w i n t e r  f lows,  
where the  e f f e c t  o f  snow me l t  and i c e  i s  an unknown f a c t o r ,  i n  t ime  o f  
drought ,  where evapo t ransp i r a t i on  i s  a  f a c t o r  and i n  some cases where i t  
i s  obv ious from v i s u a l  examinat i on  t h a t  d i r e c t  ( o r  i n d i  r e c t )  s torm runof f  
and i n t e r f l o w  has n o t  ceased f i v e  days a f t e r  t h e  gene ra t i ng  storm. 
However, i n  o rde r  t o  reduce t he  b i as  i n  drawing recess ion curves,  s t r i c t  
adherence t o  t he  c r i t e r i a  f o r  recess ion  was observed. 
Recession curves may be descr ibed  i n  many ways. I n  t h i s  
s tudy they  a r e  considered t o  be s t r a i g h t  l i n e  segments o f  t he  hydrograph 
when the  f l o w  r a t e  ( l o g a r i t h m i c  sca le ,  base 10) i s  p l o t t e d  aga ins t  t ime,  
w i t h  t h e  r e s t r i c t i o n s  a l r eady  mentioned. The number o f  days requ i r ed  f o r  
a  t e n f o l d  r educ t i on  i n  f l o w  r a t e  (one l o g  cyc l e )  i s  a  c l e a r  d e s c r i p t i o n  
o f  t he  recess ion curve, and i s  r e f e r r e d  t o  i n  t h i s  r e p o r t  as the  recess ion 
r a t e .  
Appendix A i s  a  l i s t  o f  recess ion  da ta  e x t r a c t e d  f r om the  
hydrographs. 
T a b l e  1 shows t h e  mean v a l u e  f o r  t h e  r e c e s s i o n  r a t e  and t h e  
number o f  r e c e s s i o n s  s t u d i e d  f o r  each s t ream.  
Tab le  1 .  Mean Recession Rates 
STREAM NAME AND US GEOL. SURVEY NO. 
Bay Creek a t  P i t t s f i e l d  5-5125 
Pop la r  Creek a t  E l g i n  5-5505 
West Bureau Ck a t  Wyanet 5-5570 
East  Bureau Ck near  
Bureau 5-5575 
Crow Creek near Henry 5-5585 
G im le t  Creek a t  Spar land 5-5530 
Farm Creek a t  Farmdale 5-5605 
Ackerman Creek a t  
Farmdale 5-56 1 0 
Fond du Lac Ck a t  
East  P e o r i a  5-5615 
Farm Creek a t  East 
P e o r i a  5-5620 
Money Creek near  
Yowanda 5-5644 
Money Creek above 
Lake Bloomi ng ton  5-5645 
H i c k o r y  Creek above 
Lake B loomington 5-5650 
I n d i a n  Creek near  
Wyomi ng 5-5688 
E. Branch Panther  Ck 
near  G r i d l e y  5-5660 
E. Branch Panther  Ck 
a t  ~1 Paso 5-5665 
NO OF RECESSIONS MEAN RECESSION RATE 
5 15.8 
10 14 
15 20.7 
G 
3. RESULTS 
F a c t o r s  l n f l u e n c i n q  Base-Flow Recession- 
A n a l y s i s  o f  v a r i a n c e  i n d i c a t e s  t h a t  t h e  means o f  r e c e s s i o n  
r a t e s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  between many o f  t h e  s t reams,  p a r t i c u l a r l y  
between those  t h a t  recede r a p i d l y  ( ~ o n d  du Lac Creek a t  East  P e o r i a  and 
East  Branch Panther  Creek near  ~ r i d l e ~ )  and t h e  remainder .  However, t h e  
r e c e s s i o n  r a t e  f o r  any s t ream v a r i e s  w i d e l y  and t h e  cause o f  t h e  v a r i a t i o n  
was i n v e s t i g a t e d .  
There  i s  a  d e f i n i t e  r e l a t i o n s h i p  between t h e  r a t e  o f  r e c e s s i o n  
o f  a  s t ream and t h e  season o f  t h e  yea r  ( ~ i g u r e  1 ) .  The p a t t e r n  i s  c l e a r  
i n  s p i t e  o f  a  w ide  v a r i a t i o n  i n  r e c e s s i o n  r a t e s  f o r  any month. Fo r  t h i s  
s t ream ( ~ a s t  Branch Pan the r  Creek a t  E l  paso) t h e  r e c e s s i o n  r a t e  i s  s l o w e s t  
d u r i n g  t h e  l a t e  s p r i n g  and e a r l y  summer months p arch-~~ril-~ay) and f a s t e s t  
d u r i n g  t h e  summer months. The same r e l a t i o n s h i p  i s  i l l u s t r a t e d  i n  F i g u r e  2. 
The r e l a t i v e l y  low va lues  (days p e r  l o g  c y c l e  o f  f l o w  d e c l i n e )  
d u r i n g  t h e  summer months a r e  e a s i l y  a t t r i b u t e d  t o  e v a p o t r a n s p i r a t i o n  d u r i n g  
t h e  g row ing  season, when a  c o n s i d e r a b l e  p o r t  i o n  o f  t h e  groundwater  d i s c h a r g e  
t o  some streams i s  e v a p o t r a n s p i r e d  and t h e r e f o r e  does n o t  appear as s t ream 
f l o w .  One would  expec t  t h a t  t h e  h i g h e s t  va lues  f o r  r e c e s s i o n  would occu r  i n  
t h e  w i n t e r  when e v a p o t r a n s p i r a t i o n  i s  n i l ,  b u t  t h i s  i s  n o t  t h e  case. The 
h i g h e r  va lues  f o r  March-Apr i l -May must be due t o  a  component o f  f l o w  e n t e r i n g  
t h e  system t h a t  i s  n o t  p r e s e n t  d u r i n g  t h e  w i n t e r .  
T h i s  o b s e r v a t i o n  may he r e l a t e d  t o  p r e c i p i t a t i o n  and recharge  
mechanism i n  t h e  f o l l o w i n g  way. Dur ing  t h e  e a r l y  s p r i n g  months i n  c e n t r a l  
I l l i n o i s ,  t h e  w a t e r  t a b l e  i s  a t  o r  nea r  t h e  ground s u r f a c e .  The fa rm land ,  
Rate of Recession, 
days per tenfold decrease in flow 
Rate of Recession, 
days per tenfold decrease in flow 
c u l t i v a t e d  t h e  p r e v i o u s  autumn a f t e r  t h e  h a r v e s t ,  has t h e  appearance o f  
a  sea o f  mud. Dra inage and e v a p o r a t i o n  w i l l  p roduce o n l y  sma l l  s o i l -  
m o i s t u r e  d e f i c i e n c i e s ,  so t h a t  any p r e c i p i t a t i o n  may produce i n f i l t r a t i o n  
and groundwater  recharge.  
The i n f l u e n c e  o f  r e c e n t  p r e c i p i t a t i o n  on t h e  hydrograph was 
examined. F i g u r e  3 i s  a  s c a t t e r  d iag ram o f  t h e  r e c e s s i o n  r a t e  f o r  Ploney 
Creek above Lake B loomington (5-5645) and t h e  number o f  days s i n c e  one 
i n c h  o f  r a i n  had been recorded.  A b e t t e r  c o r r e l a t i o n  seems t o  be p r e s e n t  
between t h e  r e c e s s i o n  r a t e  and t h e  number o f  days s i n c e  t h e r e  had been 
one i n c h  o f  r a i n ,  i f  o n l y  t h e  months May t o  October  i n c l u s i v e  a r e  
c o n s i d e r e d  ( ~ i g u r e  4  and F i g u r e  5 ) .  
The i n f l u e n c e  o f  t h e  r a t e  o f  f l o w  a t  t h e  b e g i n n i n g  o f  a  r e c e s s i o n  
on t h e  r a t e  o f  r e c e s s i o n  was a l s o  examined. F i g u r e  6 i s  a  s c a t t e r  d iagram 
o f  t h i s  r e l a t i o n s h i p  f o r  Panther  Creek near  E l  Paso. The r e c e s s i o n  r a t e  
a f t e r  h i g h  f l o o d  peaks a lmos t  c e r t a i n l y  r e f l e c t s  t h e  i n f l u e n c e  o f  i n t e r -  
f l o w  o r  d i r e c t  r u n o f f ,  o r  b o t h .  These o b v i o u s  cases where t h e  hyd rog raph  
does n o t  r e f l e c t  g roundwater  d i s c h a r g e  a lone ,  c o u l d  e a s i l y  be e l i m i n a t e d  
f r o m  c o n s i d e r a t i o n ,  b u t  i n  o r d e r  t o  do t h i s  by s t r i c t l y  o b j e c t i v e  c r i t e r i a ,  
most o f  t h e  t r u e  r e c e s s i o n s  wou ld  then a l s o  be exc luded.  
The complex r e l a t i o n s h i p s  among t h e  f a c t o r s  t h a t  i n f l u e n c e  
base - f l ow  r e c e s s i o n  r a t e  can be e v a l u a t e d  t o  p r o v i d e  t h e  s o r t  o f  d a t a  
amenable t o  s t a t i s t i c a l  a n a l y s i s .  S t reamf low r e c o r d s  f o r  Panther  Creek 
near  E l  Paso and i t s  sub-bas i n s ,  East  Branch Panther  Creek a t  E l  Paso 
and East  Branch Panther  Creek near  G r i d l e y ,  were chosen f o r  t hese  ana lyses .  
F i g u r e  7 shows t h e  l o c a t i o n  o f  t h e  b a s i n  and t h e  h y d r o l o g i c  ne twork .  The 
p e r t i n e n t  f a c t o r s  and a l l  o t h e r  f a c t o r s  l i k e l y  t o  i n f l u e n c e  base - f l ow  r e c e s s i o n  
have been d e s c r i b e d  by A1 lman (1367) i n  some d e t a i l .  I t  i s  c l e a r  t h a t  bank 
Days Since One Inch Rain ( May to October ) 
F i gu re  3. Rate o f  Recession vs. Number o f  days Since Occurrence o f  a Storm up 
1" o r  more f o r  t?oney Creek P.bove Lake Bloonlington 
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. NOTE: The  day of the hydrograph peak • is made the reference day by 
• • subtracting the five days a l lo t ted  
to storm run o f f  and interflow. 
Days per One Inch Antecedent Rain - 5 ,  
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F i g u r e  5. Rate o f  Recession v s .  I bnher  o f  Days Since a T o t a l  o f  1 "  o f  Rain 
Had F a l l e n  f o r  Panther  Creek near  E l  Paso. 
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Flow Rate At Beginning Of Recession, c.f.s. 
F igu re  6. Rate o f  Recession vs.  Flow Rate o f  t he  Beginn ing o f  the  
Recession f o r  Panther Creek near E l  Paso 
A Scale : miles 
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A Stream Gaging Stations 
I.-Panther Creek Near El Paso 
A 
2-East Branch Panther Creek -p 
At El Paso 
3-East Branch Pcmtkr Creek 
Near Gridley 
F i g u r e  7. H y d r o l o g i c  Map o f  Panther  Creek Qra inage Bas ins .  
( a f t e r  Fl l rnan,  1967, and S c h i c h t  and Walton,  1961). 
s t o r a g e  i n  r i v e r  connected a q u i f e r s  i s  n o t  t h e  main source o f  w a t e r  f o r  base- 
f l o w  i n  t h i s  bas in ,  because t h e  s t o r a g e  c a p a c i t y  o f  t h e s e  a q u i f e r s  i s  n o t  
n e a r l y  g r e a t  enough t o  account  f o r  t h e  volume o f  base- f low.  A l lman a l s o  
shows t h a t  leakage f r o m  deep a q u i f e r s  i s  n e g l i g i b l e  so t h a t  base - f l ow  must 
d e r i v e  f r o m  w a t e r  t h a t  has e n t e r e d  t h e  groundwater  r e s e r v o i  r as i n f  i 1 t r a t  i o n  
f rom p r e c i p i t a t i o n  and moved subsequen t l y  i n  a  normal g r a v i t y  f l o w  system 
(Toth ,  1362-1963.) Al lman d i d  n o t  f o l l o w  t h e  r i g o r o u s  method o f  i d e n t i f y i n g  
base - f l ow  r e c e s s i o n  d e s c r i b e d  above, b u t  a t tempted  t o  be o b j e c t i v e  i n  
s e l e c t i n g  r e c e s s i o n s  f r e e  o f  t h e  . i n f l u e n c e  o f  d i r e c t  r u n o f f  - and/or  
i n t e r f  low. 
Stepwise m u l t i p l e  r e g r e s s i o n  a n a l y s i s  was used t o  de te rm ine  t h e  
r e l a t i o n s h i p s  between base- f l ow  and t h e  f a c t o r s  t h a t  i n f l u e n c e  i t  f o r  t h e  
Panther  Creek Basin.  The r a t e  o f  r e c e s s i o n  was we igh ted  a c c o r d i n g  t o  t h e  
d u r a t i o n  o f  t h e  r e c e s s i o n ,  so t h a t  t h e  l o n g e r ,  more r e l i a b l e  r e c e s s i o n s  
r e c e i v e d  p r o p e r  c o n s i d e r a t i o n .  T a b l e  2  l i s t s  t h e  e i g h t  v a r i a b l e s  w i t h  
t h e  h i g h e s t  l i n e a r  c o r r e l a t i o n  c o e f f i c i e n t s  between t h e  v a r i a b l e  and t h e  
we igh ted  base - f l ow  r e c e s s i o n  va lue .  
S tepwise m u l t i p l e  r e g r e s s i o n  a n a l y s i s  r e s u l t e d  i n  t h e  f o l l o w i n g  
e q u a t i o n ,  wh ich  has a  c o r r e l a t i o n  c o e f f i c i e n t  o f  0.9167356 ( a l l  f i g u r e s  a r e  
p resen ted  t o  seven s i g n i f i c a n t  f i g u r e s ,  as p r i n t e d  o u t  by t h e  computer ) .  
where S = r e c e s s i o n  r a t e  (days p e r  t e n f o l d  decrease i n  f l o w )  
A = i n i t i a l  d i s c h a r g e  r a t e  i n  c f s  ( c u b i c  f e e t  p e r  second) a t  t h e  
s t a r t  o f  t h e  recess ion ,  
B = number o f  days s i n c e  t h e  peak d i s c h a r g e  o f  t h e  l a s t  ma jo r  s torm,  
C = p e a k - d a i l y  d i s c h a r g e  o f  t h e  l a s t  ma jo r  s torm,  
D = t o t a l  p r e c i p i t a t i o n  ( inches)  d u r i n g  t h e  recess ion,  
E = average minimum dai  l y  temperature (degrees ~ a h r e n h e i  t )  
over  t he  d u r a t i o n  o f  t he  recess ion,  
G = average d a i l y  temperature (degrees Fahrenhe i t )  f o r  t he  
p e r i o d  f rom one t o  f i v e  days preceding the  s t a r t  o f  the  
recess ion,  
H = average da i  l y  evapora t ion  ( inches)  d u r i n g  the  recess ion,  
J = t o t a l  runof f  ( inches)  d u r i n g  t he  nionth p reced ing  t he  month 
i n  ~ d h i c h  t he  recess ion  s t a r t e d .  
Table 2.  
E i gh t  Var iab les  w i t h  t he  Highest  C o r r e l a t i o n  C o e f f i c i e n t s  
w i t h  Base-Flow Recession Slope 
f o r  Panther Creek near E l  Paso 
Va r i ab le  
Number o f  days s i nce  t he  l a s t  
major s to rm 
Average minimum d a i l y  temperature 
(degrees Fahrenhei t )  f o r  the  one 
t o  f i v e  day p e r i o d  preceding t h e  
beg inn ing  o f  t he  base-f low recess ion 
Average da i l y  temperature (degrees 
~ a h r e n h e i t )  f o r  the  one t o  f i v e  day 
p e r i o d  preceding t he  beg inn ing  o f  
t he  base- f low recess ion  
Average maximum d a i l y  temperature 
(degrees Fahrenhe i t )  f o r  the  one 
t o  f i v e  day p e r i o d  preceding the  
beg inn ing  o f  the base- f low recess ion  
Discharge ( c f s )  a t  the beg inn ing  o f  t h e  
base-f 1 ow recess i on  
Average da i  l y  evapora t ion  ( inches)  f o r  
t he  one t o  f i v e  day p e r i o d  preceding 
the  beg inn ing  o f  the base-f low 
recess i o n  
Average da i  l y  evapora t ion  ( inches f o r  t he  
d u r a t i o n  o f  t he  base-f low recess ion 
C o r r e l a t i o n  C o e f f i c i e n t  
+O. 6358959 
To ta l  r u n o f f  ( inches)  f o r  M 1  
The f i r s t  v a r i a b l e  added i n  t h i s  e q u a t i o n  ( B )  i n d i c a t e s  t h a t  
t h e  g r e a t e r  t h e  number o f  days s i n c e  t h e  l a s t  ma jo r  s torm,  t h e  s m a l l e r  
t h e  s l o p e  o f  t h e  r e c e s s i o n  cu rve .  T h i s  wou ld  tend t o  i n d i c a t e  t h a t  t h e  
base - f l ow  r e c e s s i o n  c u r v e  i s  n o t  a  s t r a i g h t  l i n e ,  b u t  r a t h e r  forms a  
c u r v e  wh ich  i s  concave-up on a  s e m i l o g a r i t t ~ m i c  p l o t .  T h i s  c o u l d  be 
t h e  r e s u l t  o f  f a c t o r s  such as a  c o n s t a n t - f l o w  sou rce  d i s c h a r g i n g  i n t o  
t h e  s t ream,  an i n c r e a s i n g  g r a v i t y  y i e l d  w i t h  t i m e  o f  d ra inage ,  a  dec reas ing  
p e r m e a b i l i t y  w i t h  an i n c r e a s i n g  dep th  t o  t h e  w a t e r ,  and t h e  d i s c h a r g e  o f  
l a r g e  q u a n t i t i e s  o f  subsu r face  f l o w  o r  perched w a t e r .  Most l i k e l y  cause 
f o r  t h i s  h i g h  c o r r e l a t i o n  i s  t h a t  t h e  base - f l ow  r e c e s s i o n  s l o p e s  o f  s h o r t  
d u r a t i o n  a c t u a l l y  i n c l u d e  some i n t e r f l o w .  
The second and t h i r d  v a r i a b l e s  added i n  t h e  s t e p w i s e  m u l t i p l e  
r e g r e s s i o n  a n a l y s i s  were t h e  average d a i l y  t empera tu re  f o r  t h e  one t o  
f i v e  day p e r i o d  p r e c e d i n g  t l i e  b e g i n n i n g  o f  t h e  base- f  low recess i o n  ( G )  , 
and t h e  average minimum temperature  d u r i n g  t h e  base-f  low recess i o n  (E)  , 
r e s p e c t i v e l y .  The average d a i  l y  t empera tu re  was 6 2 . ' ~ .  The average 
minimum d a i l y  t empera tu re  was 57.2"F. I t  shou ld  be n o t e d  t h a t  o p p o s i t e  
s i g n s  a r e  p r e s e n t  f o r  t hese  two v a r i a b l e s .  S tandard  d e v i a t i o n s  f o r  E  
and F  were 26.7OF and 31.2"F, r e s p e c t i v e l y .  When G - ; 0 . 6 6 3 ~ ,  then  
t h e  e f f e c t  o f  t h e s e  two v a r i a b l e s  i s  t o  s teepen t h e  s l o p e  o f  
t h e  base - f l ow  r e c e s s i o n  cu rve .  Assuming E t o  be 52.2"F, t hen  f o r  t hese  two 
v a r i a b l e s  t o  reduce t h e  s l o p e  o f  t h e  base - f l ow  r e c e s s i o n  c u r v e ,  G wou ld  
need t o  have va lues  g r e a t e r  t han  o r  equa l  t o  34.7OF. The d i f f e r e n c e  
between t h e  minimum d a i l y  t empera tu re  and t h e  average d a i l y  t empera tu re  
o v e r  a  ten-day p e r i o d  i s  seldom t h i s  g r e e t .  Thus, t h e  a u t h o r  b e l i e v e s  
t h a t  t hese  two v a r i a b l e s ,  when cons ide red  a s  a  p a i r ,  s i g n i f i c a n t l y  a f f e c t  
t h e  base- f low r e c e s s i o n  s lope .  
The f o u r t h  v a r i a b l e  added was t h e  d i s c h a r g e  o f  t h e  l a s t  ma jo r  
s t o r m  ( C ) .  The g r e a t e r  t h e  d i s c h a r g e  o f  t h e  l a s t  ma jo r  s torm,  t h e  s t e e p e r  
t h e  base - f l ow  r e c e s s i o n  s l o p e  assuming a l l  t h e  o t h e r  v a r i a b l e s  t o  be c o n s t a n t .  
T h i s  wou ld  be expected s i n c e  v a r i a b l e  (B)  i n d i c a t e d  t h a t  t h e  g r e a t e r  t h e  
number o f  days s i n c e  t h e  l a s t  major  s torm,  t h e  l e s s  s t e e p  t h e  base - f l ow  
r e c e s s i o n  curve.  Eoth  these  v a r i a b l e s  i n d i c a t e  t h a t  t h e  base - f l ow  r e c e s s i o n  
s l o p e  i s  concave-up on a  s e m i l o g a r i t h m i c  p l o t  o f  d i s c h a r g e  a g a i n s t  t ime .  
Bank s t o r a g e  would a l s o  produce a  s i m i l a r  c o r r e l a t i o n .  
The f i f t h  v a r i a b l e  e n t e r e d  was t h e  average d a i l y  e v a p o r a t i o n  
d u r i n g  t h e  base - f l ow  r e c e s s i o n  c u r v e  (H) .  The g r e a t e r  t h e  average 
d a i l y  e v a p o r a t i o n  d u r i n g  t h e  base - f l ow  r e c e s s i o n  c u r v e ,  t h e  s t e e p e r  t h e  
s lope .  Losses due t o  e v a p o r a t i o n  f r o m  t h e  s t ream s u r f a c e  wou ld  reduce 
t h e  t o t a l  d i s c h a r g e  and t h e  r a t e  a t  w h i c h  t h e  d i s c h a r g e  occu rs .  The 
c o r r e l a t i o n  c o e f f i c i e n t  between t h e  average d a i l y  t empera tu re  d u r i n g  
t h e  base - f l ow  r e c e s s i o n  c u r v e  and t h e  average minimum d a i l y  t empera tu re  
d u r i n g  t h i s  p e r i o d  i s  0.6647919 w h i c h  i n d i c a t e s  a  f a i r  c o r r e l a t i o n  between 
t h e  tempera tu re  and pan e v a p o r a t i o n .  
The s i x t h  v a r i a b l e  added was t h e  d i s c h a r g e  a t  t h e  b e g i n n i n g  o f  
t h e  base- f  low recess i o n  c u r v e  ( A ) .  H i g h e r  d i scha rges  a r e  a s s o c i a t e d  
w i t h  s t e e p e r  base - f l ow  r e c e s s i o n  s lopes .  T h i s  agrees w i t h  v a r i a b l e s  B and 
C as d i scussed  above. 
The seven th  v a r i a b l e  added (J)  was t h e  r u n o f f  i n  inches f r o m  t h e  
b a s i n  d u r i n g  t h e  month p r e c e d i n g  t h e  month i n  w h i c h  t h e  r e c e s s i o n  s t a r t e d .  
The g r e a t e r  t h e  t o t a l  r u n o f f ,  t h e  l e s s  s t e e p  t h e  base - f l ow  r e c e s s i o n  s lope .  
The g r e a t e r  t h e  t o t a l  r u n o f f ,  i n  g e n e r a l ,  t h e  g r e a t e r  t h e  recharge  t o  t h e  
w a t e r  t a b l e  and t h e  lower  t h e  s o i l  m o i s t u r e  d e f i c i e n c y .  I f  h i g h  t o t a l  r u n o f f  
g e n e r a l l y  c o i n c i d e s  w i t h  low s o i l  m o i s t u r e  d e f i c i e n c y ,  t h i s  c o u l d  i n d i c a t e  
t h a t  t h e r e  i s  a  lower  l o s s  o f  g roundwater  due t o  e v a p o t r a n s p i r a t i o n  when 
t h e r e  i s  a  l ow  s o i l  m o i s t u r e  d e f i c i e n c y .  T h i s  i n  t u r n  would decrease 
t h e  s l o p e  o f  t h e  base - f l ow  r e c e s s i o n  cu rve .  I t  may be argued t h a t ,  t h e  
g r e a t e r  t h e  r u n o f f ,  t h e  lower t h e  m o n t h l y  tempera tu re  r e s u l t i n g  i n  a  
lower r a t e  o f  e v a p o t r a n s p i r a t i o n .  
The e i g h t h  v a r i a b l e  added was t h e  t o t a l  p r e c i p i t a t i o n  t h a t  
o c c u r r e d  a t  G r i d l e y  o v e r  t h e  d u r a t i o n  o f  t h e  base- f  low r e c e s s i o n  c u r v e  ( D l .  
The g r e a t e r  t h e  p r e c i p i t a t i o n ,  t h e  l e s s  s t e e p  i s  t h e  base - f l ow  r e c e s s i o n  
cu rve .  The p r e c i p i t a t i o n  f a l l i n g  would be expected t o  decrease t h e  s l o p e  
f o r  numerous reasons.  G e n e r a l l y  t h e  e v a p o t r a n s p i r a t i o n  l osses  o f  ground- 
w a t e r  wou ld  decrease d u r i n g  p e r i o d s  o f  r a i n f a l l  because o f  a  l ower  tempera tu re ,  
lower i n t e n s i t y  o f  s o l a r  r a d i a t i o n ,  and h i g h  r e l a t i v e  h u m i d i t y .  S o i l  mois-  
t u r e  d e f i c i e n c y  wou ld  a l s o  be decreased wh ich  c o u l d  r e s u l t  i n  a  lower  l o s s  
o f  g roundwater  due t o  e v a p o t r a n s p i r a t i o n .  D i r e c t  p r e c i p i t a t i o n  f a l l i n g  
on t h e  s t ream would  a l s o  i n c r e a s e  t h e  t o t a l  amount o f  r u n o f f .  Numerous 
s m a l l  showers o v e r  t h e  p e r i o d  o f  t h e  base - f l ow  r e c e s s i o n  c u r v e  c o u l d  add 
s m a l l  amounts o f  w a t e r  t o  t h e  s t ream t h a t  wou ld  produce peak f l o w s  sma l l  
enough t h a t  t hey  were n o t  d i s c e r n i b l e  u s i n g  mean d a i l y  d i s c h a r g e .  
These v a r i a b l e s  p a r t i a l l y  e x p l a i n  t h e  v a r i a t i o n  i n  t h e  s l o p e s  of  
base - f l ow  r e c e s s i o n  cu rves  f o r  t h e  Panther  Creek bas in .  Numerous v a r i a b l e s  
were o m i t t e d  e i t h e r  because they  were n o t  a v a i l a b l e  o r  t h e  a u t h o r  dild n o t  
b e l i e v e  t h e y  were s i g n i f i c a n t .  I n  some cases they  were c o n s i d e r e d  i n d i r e c t l y .  
The d a t a  o v e r  a  w ide  range o f  m e t e o r o l o g i c a l  and h y d r o l o g i c a l  c o n d i t i o n s  have 
been grouped, wh ich  c o u l d  cause t h e  e q u a t i o n  d e r i v e d  above f o r  t h e  f a c t o r s  
a f f e c t i n g  base- f low r e c e s s i o n  s l o p e s  t o  be i n v a l i d  a t  t imes  o f  t h e  yea r  
w h i c h  had a  poor  r e p r e s e n t a t i o n  i n  t h e  sample used i n  t h i s  s tudy .  
relations hi^ Between Base-Flow and Water L e v e l s  i n  We l l s  
Base-f low o f  a  s t ream i s  known t o  be r e l a t e d  t o  groundwater  
p o t e n t i a l  g r a d i e n t s  w h i c h  i n  t u r n  a r e  r e f l e c t e d  by w a t e r  l e v e l s  i n  w e l l s .  
I n  s p i t e  o f  a  h i g h  t i m e  l a g  f o r  t h e  w e l l s  used i n  t h i s  s tudy ,  t h e y  a r e  
s t i l l  u s e f u l  as p iezometers ,  under c e r t a i n  c o n d i t i o n s .  T a b l e  3 shows 
t h e  r e l a t i o n s h i p  between v a r i o u s  w e l l s  and t h e  r e c e s s i o n  r a t e ,  as 
c a l c u l a t e d  by s tepw ide  m u l t i p l e  r e g r e s s i o n  a n a l y s i s .  
T a b l e  3. 
C o r r e l a t i o n  C o e f f i c i e n t s  Between Loge o f  Depth t o  Water Leve l  and 
Average Rate o f  Groundwater D ischarge  D u r i n g  Recession.  
WELL 
A  
B 
C 
D 
E 
CORRELAT l ON COEFF l C l ENT 
-0.8875797 
-0.6896098 
-0.3070205 
-0.7417258 
-0 4793773 
F i g u r e s  8  and 9 show t h e  r e l a t i o n s h i p  between base- f l ow  i n  
Panther  Creek and dep th  t o  w a t e r  i n  w e l l s  A  and E, r e s p e c t i v e l y .  Severa l  
a u t h o r s  have used such graphs f o r  e v a l u a t i n g  t h e  groundwater  component 
o f  f l o w  d u r i n g  s t o r m  r u n o f f  as we1 1 as f o r  d ry -weather  f Low  chicli lit and 
Walton,  1361).  There i s  no ev idence  t h a t  t h e  r e l a t i o n s h i p  i s  v a l i d  excep t  
d u r i n g  i n t e r v a l s  o f  base - f l ow  recess ion .  T a b l e  4 l i s t s  t h e  n i n e  v a r i a b l e s  
wh ich  have t h e  h i g h e s t  c o r r e l a t i o n  c o e f f i c i e n t s  w i t h  t h e  base - f l ow  o f  Panther  
Creek. 
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Stepwise m u l t i p l e  r e g r e s s i o n  a n a l y s i s  r e s u l t e d  i n  t h e  
f o l l o w i n g  e q u a t i o n ,  wh ich  has a  c o r r e l a t i o n  c o e f f i c i e n t  o f  0.3109751: 
Q = 513.8282 - 211.9034 A - 101.3219 B + 0.004900893 C 
where Q = r a t e  o f  g roundwater  d i s c h a r g e  ( c f s )  
A = l o g  o f  dep th  t o  w a t e r  l e v e l  i n  we1 1 A ( f e e t )  
e 
B = l o g  o f  dep th  t o  w a t e r  l e v e l  i n  w e l l  E ( f e e t )  
e  
C = maximum d a i  l y  mean d i s c h a r g e  o f  t h e  l a s t  m a j o r  s t o r m  ( c f s ) .  
I n  s p i t e  o f  a l l  t h e  v a r i a b l e s  i n f l u e n c i n g  t h e  b a s e - f l o w  r e c e s s i o n  
o f  an i n d i v i d u a l  s t ream i t  i s  s t i l l  p o s s i b l e  t o  show a  r e l a t i o n s h i p  between 
mean base- f l ow  r e c e s s i o n  and t h e  catchment area.  F i g u r e  10 shows t h i s  
r e l a t i o n s h i p  f o r  Panther  Creek near  E l  Paso and t h e  two sub b a s i n s  ( ~ a s t  
Branch Pan the r  Creek a t  E l  Paso and East  Branch Pan the r  Creek near  G r i d l e y ) .  
F i g u r e  1 1  shows t h e  same r e l a t i o n s h i p  f o r  t h e  o t h e r  b a s i n s  i n  t h e  
i n v e s t i g a t i o n .  
I s o t o p i c  Ev idence o f  Source o f  Base-Flow 
A t o t a l  o f  e i g h t  wa te r  samples, t h r e e  f r o m  t h e  Pan the r  Creek 
catchment and f i v e  f r o m  t h e  Kaskask ia  Creek catchment j u s t  west  o f  Champaign, 
were c o l l e c t e d  and s e n t  t o  I so topes ,  I nc . ,  o f  Westwood, New J e r s e y  f o r  
t r i t i u m  a n a l y s i s .  The r e s u l t s  a r e  shown i n  T a b l e  5. 
Drainage Basin Area, sq, mi, 
Crane Creek 
0 
Catchment Area,  square miles 
F i g u r e  1 1 .  R e l a t i o n  Bet\ween Rate o f  Recess ion  v s .  
Catchment a rea.  
T a b l e  5. 
T r i t i u m  Analyses 
P r o j e c t  Sample No. l so topes I nc .  TU Assay L o c a t i o n  o f  Sample 
Sample No. (AS r e p o r t e d )  C o l l e c t i o n  P o i n t  
A l l  T  a r e  N o r t h  
A l l  R a r e  East  
PC-  1 TC222 1 E + 2.9-.3 NW Sec. 32T27R3, 1 / 4  m i  l e  
s o u t h  o f  gag ing  s t a t i o n  on 
East  Branch Pan the r  Creek 
near  G r i d l e y  on f a r m  o f  
John Murray  - d r i l l e d  w e l l  
280'  deep 
S E  Sec. 3OT27R3, j u s t  n o r t h  
o f  g a g i n g  s t a t i o n  on East  
b ranch  Pan the r  Creek near  
G r i d l e y ,  on f a r m  o f  John 
Murray - dug we1 1 30 '  deep 
+ 
227-7 Near c e n t e r  o f  Sec. 23T27RIE, 
s h a l l o w  h o l e  i n  sand i n  
c r e e k  channe l .  
3 0 5 ~ 1   South c e n t e r  Sec. 3 0 T 2 0 ~ 8  - 
Kaskask ia  d i t c h  
25gr13 South c e n t e r  Sec. 3 0 ~ 2 0 ~ 8  - 
18" h o l e  i n  g r a v e l ,  
Kaskask ia  d i t c h .  
0.4+0.3 Sw sec. 8 ~ 1 9 ~ 8 ,  w e l l  141'  
deep. 
3 5 0 ~ 1 7  NW Sec. 8 ~ 1 9 R 8 ,  dug w e l l  
t o t a l  d e p t h  45 '  
+ 8 . 2 ~ .  5  SE Sec. 31T20R8, d r i l l e d  
w e l l  240'  deep. 
The t r i t i u m  c o n t e n t  o f  samples PC-1, K-3 and K-5 i n d i c a t e s  r e l a t i v e l y  
"o ld "  wa te r .  T h i s  i s  n o t  s u r p r i s i n g  as  a1 1 t h r e e  a r e  f r o m  deep d r i l l e d  w a t e r  
w e l l s .  The v a l u e  f o r  K-5 suggests  t h e  i n f l u e n c e  o f  "post-bomh" t r i t i u m .  The 
absence o f  "dead" w a t e r  i n  t h e s e  samples sugges ts  an a c t i v e  f l o w  system. 
The two samples t a k e n  f r o m  s h a l l o w  p i t s  i n  t h e  c r e e k  beds o f  Panther  Creek 
and Kaskask ia  d i t c h  b o t h  have l e s s  t r i t i u m  than  t h e  s h a l l o w  w e l l s  o r  
st reams, i n d i c a t i n g ,  as expected,  t h a t  t h i s  w a t e r  has e n t e r e d  t h e  ground 
same t i m e  p r e v i o u s l y ,  and t h e r e f o r e  i s  n o t  f r o m  bank s t o r e g e .  A l t h o u g h  
t h e  l i k e l i h o o d  o f  c o n t a m i n a t i o n  f r o m  t h e  s u r f a c e  w a t e r  i s  g r e a t ,  t h e  
p a t t e r n  o f  t h e  a n a l y t i c  r e s u l t  i s  r e a l i s t i c  and i n d i c a t e s  r e l i a b i l i t y .  
Base- f low r e c e s s i o n  cu rves  a s  de te rm ined  f r o m  s t r a i g h t - l i n e  
segments on t h e  r e c e s s i o n  l i m b  on a  s e m i l o g a r i t h m i c  p l o t  o f  s t ream d i s -  
charge ve rsus  t i m e  f o r  Pan the r  Creek near  E l  Paso do n o t  have a  c o n s t a n t  
s l o p e  t h r o u g h o u t  t h e  yea r .  The area i s  e x t e n s i v e l y  t i l e d  w i t h  l a r g e  
p o r t i o n s  o f  t h e  s t ream channel  c o n s i s t i n g  o f  d i t c h e s .  A c o n s i d e r a b l e  
p o r t i o n  o f  t h e  base - f l ow  d i s c h a r g e d  appears t o  o r i g i n a t e  f r o m  t i l e  d r a i n s  
w i t h  a  p o r t i o n  o f  t h e  low f l o w  o r i g i n a t i n g  f r o m  t i l e s  d r a i n i n g  t h e  E l  Paso 
and Benson areas,  Channel s t o r a g e  and bank s t o r a g e  a r e  c o n s i d e r e d  t o  be 
n e g l i g i b l e .  
The v a r i a b l e s  c o n s i d e r e d  i n  t h e  i n v e s t i g a t i o n  were as f o l l o w s :  
a i r  t empera tu res ;  pan e v a p o r a t i o n ;  s t ream r u n o f f ,  b o t h  d u r i n g  t h e  p r e c e d i n g  
t h e  base - f l ow  r e c e s s i o n  c u r v e  o r  c o n s t a n t  f l o w ;  and p r e c i p i t a t i o n ,  o c c u r r i n g  
d u r i n g  t h e  base - f l ow  r e c e s s i o n  cu rve .  The h y d r o l o g i c  v a r i a b l e s  c o n s i d e r e d  
were as f o l l o w s :  t h e  f l o w  r a t e s  a t  t h e  b e g i n n i n g ,  end, and t ime-m id -po in t  
o f  t h e  r e c e s s i o n  cu rve ;  t h e  days s i n c e  t h e  l a s t  m a j o r  and m ino r  s torms;  t h e  
peak mean d a i l y  d i s c h a r g e  o f  t h e  p r e c e d i n g  m a j o r  and m ino r  s torms;  t h e  l e n g t h  
o r  d u r a t i o n  o f  t h e  base - f l ow  r e c e s s i o n  cu rve ;  and t h e  wa te r  l e v e l s  i n  s i x  
o b s e r v a t i o n  w e l l s .  
Wel l  A was one o f  t h e  w e l l s  used i n  t h e  s t u d y  o f  f a c t o r s  a f f e c t i n g  
base - f l ow  d i s c h a r g e  r a t e s  because o f  t h e  h i g h  c o r r e l a t i o n  between t h e  
n a t u r a l  l o g a r i t h m  o f  t h e  d e p t h  t o  t h e  w a t e r  l e v e l  and t h e  average d i s c h a r g e  
o c c u r r i n g  d u r i n g  t h e  base - f l ow  r e c e s s i o n  cu rve ,  and because o f  a  f a i r l y  
comple te  r e c o r d  o f  w a t e r  l e v e l s .  
Well  E  was used s i n c e  r e c o r d s  o f  w a t e r  l e v e l s  were a v a i l a b l e  
and t h e  d a t a  was as comple te  as t h a t  f o r  w e l l  A. The p l o t  f o r  w e l l  E 
shows a  f a i r  c o r r e l a t i o n  between t h e  d e p t h  t o  t h e  w a t e r  l e v e l  and t h e  
base f l o w .  
W e l l s  B, C ,  D, and F were n o t  c o n s i d e r e d  because o f  t h e  sparse 
d a t a  w h i c h  wou ld  decrease t h e  sample s i z e  c o n s i d e r a b l y .  
T a b l e  I+ l i s t s  n i n e  v a r i a b l e s  h a v i n g  t h e  h i g h e s t  c o r r e l a t i o n  
c o e f f i c i e n t s  w i t h  t h e  r a t e  o f  base- f low i n  Pan the r  Creek n e a r  E l  Paso. 
Stepwise m u l t i p l e  r e g r e s s i o n  r e s u l t e d  i n  t h e  f o l l o w i n g  e q u a t i o n  wh ich  has 
a  m u l t i p l e  c o r r e l a t i o n  c o e f f i c i e n t  o f  0.9109751: 
Q = 513.8282 - 211.9034A - 101.32196 + O.OO4900833C 
where Q i s  t h e  r a t e  ( c f s )  o f  ground w a t e r  d i s c h a r g e ,  
A  i s  t h e  l o g e  o f  t h e  dep th  ( f e e t )  t o  t h e  w a t e r  l e v e l  i n  w e l l  A, 
B i s  t h e  l o g  o f  t h e  depth  ( f e e t ) t o  t h e  w a t e r  l e v e l  i n  w e l l  E ,  
e  
C i s  t h e  maximum d a i l y  mean d i s c h a r g e  ( c f s )  o f  t h e  l a s t  m a j o r  storm. 
For normal base - f l ow  r e c e s s i o n  s lopes  we igh ted  a c c o r d i n g  t o  d u r a t i o n ,  
t h e  f o l l o w i n g  v a r i a b l e s  were found  t o  be s i g n i f i c a n t l y  c o r r e l a t e d  a t  t h e  
90 p e r c e n t  c o n f i d e n c e  l e v e l :  t h e  number o f  days s i n c e  t h e  l a s t  ma jo r  s torm;  
t h e  average d a i l y  t empera tu re  f o r  t h e  one t o  f i v e - d a y  p e r i o d  p r e c e d i n g  t h e  
b e g i n n i n g  o f  t h e  base - f l ow  r e c e s s i o n  cu rve ;  t h e  peak mean d a i l y  d i s c h a r g e  
o f  t h e  l a s t  major  s torm;  t h e  average minimum d a i l y  t empera tu re  o v e r  t h e  
d u r a t i o n  o f  base - f l ow  recess ion ;  t h e  average d a i l y  e v a p o r a t i o n  d u r i n g  t h e  
base - f l ow  r e c e s s i o n  curve;  t h e  d i s c h a r g e  r a t e  a t  t h e  b e g i n n i n g  o f  t h e  base- 
f l o w  r e c e s s i o n  cu rve ;  t h e  t o t a l  r u n o f f  f o r  t h e  month p r e c e d i n g  t h e  month 
d u r i n g  w h i c h  t h e  base - f l ow  r e c e s s i o n  o c c u r r e d  (11 ) ;  and t h e  t o t a l  p r e c i p i t a t i o n  0 
d u r i n g  t h e  base - f l ow  r e c e s s i o n  cu rve .  V a r i o u s  o t h e r  f a c t o r s  on w h i c h  no 
q u a n t i t a t i v e  measures were made, b u t  wh ich  may be v e r y  i m p o r t a n t  on d e t e r m i n i n g  
t h e  base - f l ow  r e c e s s i o n  c u r v e  a r e  as f o l l o w s :  changes i n  t h e  v i s c o s i t y  o f  
t h e  w a t e r  d i s c h a r g e d  f r o m  t h e  t i l e s ;  d i r e c t  l osses  f r o m  t h e  w a t e r  t a b l e  due 
t o  e v a p o t r a n s p i r a t i o n ;  and t h e  presence o f  p o s s i b l e  p h r e a t o p h y t e s  a l o n g  
t h e  stream. 
The r e l a t i o n s h i p  between d e p t h  t o  w a t e r  l e v e l s  i n  v a r i o u s  w e l l s  
and t h e  groundwater  r u n o f f  was shown t o  be h i g h l y  c o r r e l a t e d  i n  o n l y  a few 
we1 1s. 
The ev idence  f r o m  t r i t i u m  ana lyses ,  base - f l ow  r e c o r d s  and w a t e r  
l e v e l s ,  a l l  seem t o  c o n f i r m  t h e  be1 i e f  o f  a  normal g r a v i t y  f l o w  system 
i n  these b a s i n s .  I f  t h i s  i s  t h e  case, then i t  i s  n o t  p o s s i b l e  t h a t  t h e  
recharge by leakage t o  u n d e r l y i n g  a q u i f e r s ,  as c a l c u l a t e d  by Wal t o n  (1960) i s  
c o r r e c t ,  because, o v e r  a  l a r g e  p a r t  o f  t h e  catchment,  t h e  s h a l l o w  ground- 
w a t e r  i s  moving towards t h e  stream, and t h e r e f o r e  cannot  be moving downward 
t o  t h e  a q u i f e r s .  The s i g n i f i c a n c e  o f  t h i s  f a c t  on t h e  u l t i m a t e  h y d r o l o g i c  
regimen shou ld  be examined because o f  i t s  s i g n i f i c a n c e  i n  t h e  f u t u r e .  
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Bay Creek a t  P i t t s f i e l d ,  I l l i n o i s  5-5125 
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'Days r e q u i  red  f o r  a t e n f o l d  decrease i n  f l o w  r a t e ,  when 
t h e  base f low  r e c e s s i o n  i s  drawn a s ' a  s t r a i g h t  l i n e .  
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